THE  ACTION  OF SEA WATER ON  CEMENT.
4.  Puzzolanic material   is   a   valuable   addition to
cement for sea-water construction,
5.  As little gypsum as possible should be added for
regulating the time of setting to cements which are to
be used in sea-water.
6.  Sand containing a large proportion of fine grains
must never be used in concrete or mortar for sea-water
construction;
7.  The proportions of the cement and aggregate for
sea-water construction must be such as will produce a
dense and impervious concrete.
* On the whole, sea-water has very little chemical
effect on good Portland cements, such as are now easily
obtainable, and, provided the proportion of aluminates
is not too high, the varying composition of the several
well-known commercial cements is of little moment.
For^ this reason tests on blocks immersed in still salt
water are of very little use in determining the probable
behaviour of concrete when exposed to damage by
physical and mechanical means, such as occurs in prac-
tical work.
The destruction of concrete works on the sea coast
is due to the alternate exposure to air and water, frost,
and heat, and takes the form of cracking or scaling,
the latter being the most usual when severe frosts are
experienced. When concrete blocks are employed in
the construction of works, they should be made as long
as possible before they are required to be built in the
structure, and allowed to harden in moist sand, or, if
this is impracticable, the blocks should be kept in the
air and thoroughly wetted each day. On placing
cement or, concrete blocks in sea water a white preci-
pitate is formed on their surfaces, which shows that
there is some slight chemical action, but if the mixture
is dense this action is restricted to the outside, and does
not harm the block.
Cement .mixed with sea water takes longer to harden
than if mixed with fresh water, the time varying in
proportion to the amount of salinity in the water.
Sand and gravel from the beach, even though dry, have
their surfaces covered with saline matters, which retard
the setting of the cement, even when fresh water is
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